A new triblock copolymer consisted of a double-hydrophilic diblock and a fluorinated block, namely poly(ethylene glycol)-b-poly[2-(dimethyl amino)-ethylmethacrylate]-b-poly(2,2,3,3,4,4,5,5-octafluoropentylmeth acrylate) (MePEG-b-PDMAEMA-b-POFPMA), was synthesized via oxyanioninitiated copolymerization. The hydroxyl group of poly(ethylene glycol) monomethyl ether (MePEG) reacted with potassium methylsulfinyl carbanion (DMSO-K+) and converted into a potassium alcoholate macroinitiator (MePEG-K). It could initiate DMAEMA monomer to yield a hydrophilichydrophilic diblock copolymer. If not quenched, the living chain could be subsequently used to initiate a second fed monomer such as OFPMA to produce a new triblock copolymer MePEG-b-PDMAEMA-b-POFPMA. As a comparison, the analogous triblock copolymers with different lengths of PDMAEMA and identical length of POFPMA were prepared. These copolymers were characterized by the measurements of 1 H NMR, 19
1
H NMR, 19 F NMR, and gel permeation chromatography (GPC). The results indicated that they had relatively low polydispersities 
Introduction
Fluorine-containing polymers have received much attention because of their unique characteristics such as high thermal and chemical resistance and oiland water-repellant surfaces [1] [2] [3] . These properties reflect the low values of cohesive energy density and surface energy of fluorinated compounds [4] . The low surface energy is a key property of these polymers [5, 6] . Fluorinated polymers have been also found applications in biomedical areas, due to their special properties, for instance, chemical and biological stability, high fluidity, high gas permeability and spreading coefficient, and low surface tension [7] . Therefore, fluorinated polymers and block copolymers have been the focus of a great number of studies. The combination of fluorinated chains with hydrophilic molecules may be a challenging subject, which would lead to fluorinated surfactants capable of associating into micelles with high surface activity [8] , and result in a new class of polymeric amphiphiles. Various welldefined block copolymers with fluorinated segments have been synthesized by a number of polymerization techniques, including anionic polymerizations [9] , group transfer polymerizations [10, 11] , cationic polymerizations [8, 12, 13] , nitroxide-mediated polymerizations (NMP) [14] , atom transfer radical polymerizations (ATRP) [2, 6, [15] [16] [17] [18] , and reversible addition fragmentation chain transfer radical polymerization (RAFT) [5] . However, these controlled/'living' polymerization techniques have their individual limitation to prepare some special products.
As a new controlled/'living' synthetic approach, oxyanion-initiated polymerization has exhibited its unique advantages: (i) it does not require such strict experimental conditions as anionic polymerization; and (ii) it facilitates the incorporation of polyether blocks [19] [20] [21] [22] with polymethacryltes to give di-, tri-, and pentablock copolymers. Armes and coworkers have made significant contributions on the chemistry [19, 20, [23] [24] [25] [26] . In their works, tertiary amino methacrylates were considered as more suitable monomers than methyl methacrylate (MMA) with respect to both initiation and narrow polydispersity [23] . More recently, our group extended the synthetic method to MMA and obtained well-defined AB or BA types of PDMAEMA-b-PMMA diblock copolymers by a sequential addition of alternative monomers [27] . To the best of our knowledge, there has been no report on the application of oxyanion polymerization in the synthesis of fluorinated triblock copolymers. It is well known that hydrophilic poly(ethylene glycol) (PEG) and poly(ethylene oxide) (PEO) possess excellent biocompatibility, long blood circulation time, and nontoxicity of self-assembled micelles [28, 29] . Poly[(dimethamino)ethyl methacrylate] (PDMAEMA) can be protonated in an acidic or neutral medium and acts as a pH-responsive part. The copolymer containing these two blocks was reported by Armes et al. [19, 20] . However, an interesting issue is the effect on the properties of polymers when a short chain of fluoroalkyl methacrylate was bonded onto the PEG-b-PDMAEMA double-hydrophilic diblock copolymers.
The goal of the present work is to investigate the incorporation of a doublehydrophilic diblock copolymer with a poly(fluoroalkyl methacrylate) block via oxyanion-initiated polymerization, using a sequential addition of monomers. We have used potassium alcoholate of monomethyl-capped poly(ethylene glycol) as a macroinitiator to polymerize DMAEMA. The double-hydrophilic diblock copolymer MePEG-b-PDMAEMA however carried a reactive center in the end of PDMAEMA block, if it was not quenched. The living chain subsequently polymerized another adding monomer, 2,2,3,3,4,4,5,5-octafluoropentyl methacrylate (OFPMA), to yield a novel triblock copolymer MePEG-b-PDMAEMA-b-POFPMA. We also obtained low critical solution temperatures (LCSTs) and critical aggregation concentration (cac) of MePEGb-PDMAEMA and MePEG-b-PDMAEMA-b-POFPMA in aqueous solutions. For simplicity, MePEG-b-PDMAEMA diblock copolymer was designated as MD, and MePEG-b-PDMAEMA-b-POFPMA triblock copolymer as MDO. The obtained living chain was further used to polymerize DMAEMA and yielded a macromonomer with PDEAEMA-b-PDMAEMA diblock copolymers [20] .
Results and Discussion

Preparation of Copolymers
In this work, we developed the living reaction to synthesize a triblock copolymer containing fluoroalkyl methacrylate, namely MePEG-b-PDMAEMAb-POFPMA (MDO), via sequential monomer addition in oxyanion-initiated polymerization. The reaction procedure was conducted according to Scheme 1. The living character of oxyanion-initiated polymerization was demonstrated by synthesizing reasonably well-defined MD diblock or MDO triblock copolymers. In order to control the molecular weights of block copolymers, we utilized dimethyl sulfoxide (DMSO) carbanion titration method [20, 24] . As shown in Fig. 1 
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(b) (a) As derived by 1 H NMR, the degrees of polymerization of PDMAEMA block were in reasonable agreement with those expected from the corresponding original [DMAEMA]/[MePEG-K] ratios. However, the degree of polymerization of OFPMA block was less accurate in GPC comparing with the theoretical values because of the facile aggregation of fluorinated block in solution. Several researchers have found the phenomenon and clarified the reason why the results of GPC for fluorinated polymers were higher than normal polymers [10, [15] [16] [17] . Martin found that the GPC trace of the fluorinated copolymer had a higher molecular weight peak along with the expected normal molecular weight peak [10] . The appearance of such peak suggested the formation of micelles in solution. Zhang et al. found that the molecular weights of fluorinated copolymers calculated by GPC were different from the theoretical values. The authors attributed the difference to the aggregation of fluorinated blocks in solution [15, 16] . So the less accurate GPC value may be the different hydrodynamic volumes for POFPMA and the standard polymer as well as the suggested association. Therefore, we only calculated the degree of polymerization of fluorinated block in terms of the integrals in 1 H NMR. 
Surface Tensions of Di-and Triblock Copolymers
It is known that MePEG-b-PDMAEMA diblock copolymer exhibits pH/ temperature-responsive properties in definite conditions. Armes et al. studied the reversible aggregation of MePEG 45 -b-PDMAEMA 50 diblock copolymer via 1 H NMR spectra at 55 and 25 °C. They also investigated the pH-responsive properties of MePEG 45 -b-PDMAEMA 34 via 1 H NMR spectra at pH 2 and 9 [19] . We attempted to explore the aggregation of MePEG-b-PDMAEMA diblock copolymer and MePEG-b-PDMAEMA-b-POFPMA triblock copolymer in aqueous solutions via the measurements of surface tension, electrical conductivity and turbidimetric method. The electrostatic interaction between the polymer chains makes less association in water. With the comparison of the curve obtained at pH=3.0, the surface tension (at pH=7.0) lowered much more with the increase of concentration of triblock copolymer, falling to 37.9 mN m -1 . The cac of the aqueous solution was about 5.1-5.4 g/L. This indicates that the fluorinated triblock copolymer containing both non-ionic and cationic parts has very good surface activity at neutral aqueous condition. Under the identical conditions (pH=5.0), the plots of electrical conductivity of MePEG 45 -b-PDMAEMA 30 had obvious sharp slope and were less influenced by the temperature change ( Fig. 6(a) ), whereas for the MDO system (MePEG 45 -b-PDMAEMA 30 -b-POFPMA 6 ) the values of conductivity increased with increased concentration of MDO and displayed a sharp augment. Moreover, the conductivity increased when the temperature increased from 15 to 30 °C. the function of polymer concentrations was also studied at pH 3.0 and different temperature. The results are shown in Fig 7. The cac was 3.1-3.3 g/L for MePEG-b-PDMAEMA 30 -b-POFPMA 6 and it was higher than that solution at pH=5.0. We can see that the solution of MDO was pH sensitive. This result can be explained by the postulate that the protonated PDMAEMA chains undergo both intrachain and interchain repulsion at lower pH media and make the association of polymer chains difficult. 
Electrical Conductivity Measurement of Di-and Triblock Copolymers
LCST of Various Polymers
The effects of polymer composition and different lengths of PDMAEMA on lower critical solution temperatures (LCSTs) in aqueous solution are shown in Tab 6 , would lead to the LCSTs falling to 52.4 and 45.1 °C, respectively. For the identical copolymer, LCST also depended on the concentration of polymer aqueous solution. Fig. 8 shows the variation of LCST with the concentration of MDO at pH=9.0. The LCST changes almost linearly with the increasing concentrations. The reason is that the appearance of LCST depended on the aggregation of the hydrophobic portions of the polymers at a particular temperature. It is thought that there were no close interactions between the polymers in the dilute solution [30] . This result proves that the triblock copolymers were successfully synthesized and had hydrophobic fluorinated block. 
Conclusions
A novel triblock copolymer, MePEG-b-PDMAEMA-b-POFPMA, containing double-hydrophilic diblock copolymer and fluorinated methacrylate block has been synthesized via oxyanion-initiated polymerization in THF at 30 °C, using (dimethyl amino)ethyl methacrylate (DMAEMA) as the first monomer and 2, 2, 3, 3, 4, 4, 5, 5-octafluoropentyl methacrylate (OFPMA) as the second fed monomer.
1 H NMR measurement confirmed that the actual molecular weights of MePEG-b-PDMAEMA block in both diblock and triblock copolymers were reasonably close to those corresponding to the original [DMAEMA]/[MePEG-K] molar ratios, suggesting that the polymerization could be controlled. 19 F NMR measurement provided an evidence of the successful copolymerization of OFPMA. The results of GPC analyses showed that both the diblock and the triblock copolymers had narrow polydispersities ( 
Preparation of Potassium Methylsulfinyl Carbanion (DMSO
KH was taken from mineral oil and placed in a preweighed round-bottom flask. The mineral oil was washed three times with anhydrous THF. The resulting white powder was suspended in THF. The suspension was cooled to 0 °C using an ice bath before addition of DMSO (2-fold molar excess based on KH). Then the suspension was stirred at 30 °C for about 1 h until all the KH had reacted, leading to the formation of a homogeneous phase [20, 24] .
Syntheses of Block Copolymers
In a typical polymerization, the monomethyl-capped poly(ethylene glycol) was dissolved in anhydrous THF along with triphenylmethane indicator. The THF solution of DMSO -K + was added until the reaction mixture turned slightly pink due to the formation of triphenylmethyl carbanion and remained for 15 min. Then flask was moved into an oil bath at 30 °C, freshly distilled monomer was added to the initiator solution. The reaction was stirred for 1 h. If a second monomer was used, the polymerization was allowed to proceed for a further 1 h. The polymerization was quenched with methanol. The solvent was then removed with a rotary vacuum distillatory. The copolymer was purified by repeated precipitation into cold n-hexane to remove the indicator and unreacted monomers. Finally, the samples were dried in a vacuum oven at 50 °C for 3 days. The overall yields were in excess of 95%. The accurate recipes are summarized. -GPC
Characterization
The molecular weight and molecular weight distributions were determined with a gel permeation chromatograph instrument (HP-1100) equipped with a PL502 column connected to a refractive-index detector (G1362A). Calibration was carried out with polystyrene standards. THF was used as an eluent at a flow rate of 1.0 mL/min.
-Surface tension
Surface tension measurements were carried out by a JK99C automatic surface tensiometer (Shanghai Zhongchen Co., China) equipped with a platinum ring. Dissolving the copolymers in deionized water, and adjusting the solution at desired pH value using dilute hydrochloric acid, and then the aqueous stock solutions of the copolymers were prepared. A series of aqueous copolymer solutions with different concentrations were prepared by diluting the stock solution, held the same pH value. All measurements were carried out at 20 °C, and the obtained values were checked gradually through measurement of the surface tension of deionized water (72-73 mN/m).
Critical aggregation concentration (cac) for the diblock and triblock were determined by surface tensiometry, measuring the surface tension (γ), as a function of the polymer concentration in water. The value of cac was located at the break point of surface tension vs. concentration curve.
-Electrical conductivity Electrical conductivities of the solutions were measured at different temperature using a DDS-12A conductimeter (Shanghai Kangning Electrooptical Technology Co., China) and a dipping cell with DJS-1C platinum black electrodes. The reproducibility of the instrument was better than 0.1% accuracy.
-LCST Lower critical solution temperatures (LCSTs) were obtained by turbidimetric measurements of the polymer aqueous solutions at various temperatures, using a Shimadzu 3150 UV-VIS-NIR spectrophotometer at 278 nm. The quarts cell was thermostated with a circulating water jacket equipped with a temperature controller. Polymer solutions of various concentrations were heated slowly from a starting temperature of 10 °C with a heating rate of 0.5 °C/min. The LCST was defined as the onset temperature of the cloud point curves, i.e. the temperature at which the absorbance rapidly augmented.
